www.wjrr.org  Abstract-Purpose: Olmesartan and azilsartan decrease blood pressure more effectively than other angiotensin receptor blockers (ARBs). ARBs additionally decrease the urinary albumin to creatinine ratio (UACR), a urinary albumin marker, and urinary angiotensinogen (u-AGT), an intrarenal renin-angiotensin system activity marker. We examined the effects of these ARBs on blood pressure, UACR, and u-AGT in patients with uncontrolled hypertension.
I. INTRODUCTION
A critical objective of antihypertensive therapy is not only the reduction in blood pressure, but also the protection of vital organs. The vital organs affected by hypertension include the heart, kidneys, and cerebral vessels, and injuries to these organs affect the prognosis of patients. In addition to their well-known depressor activities, angiotensin receptor blockers (ARBs) exhibit important cardiac and renal protective effects.
In recently published studies (i. [2] studies), azilsartan and olmesartan, which have the most potent antihypertensive activities among the ARBs, were directly compared and analyzed. Although both azilsartan and olmesartan demonstrated potency, no differences were observed in study outcomes between these drugs.
Estimated glomerular filtration rate (eGRF) and urinary albumin are used as biomarkers of renal function. In particular, microalbuminuria is an important risk factor for cardiovascular events. ARBs are effective in reducing urinary albumin excretion, independently of their depressor effects [ 3 ] , [ 4 ] . However, it has not been established whether the decreased urinary albumin is attributable to a class effect of the ARBs or a drug effect unique to individual ARBs. Investigations of the dependency of decreased urinary albumin on reduced blood pressure are important for studies of cardiovascular events. In the present study, the urinary albumin-to-creatinine ratio (UACR) was used as a marker of urinary albumin.
Classically, the renin-angiotensin system (RAS) is based on the concept of a circulating RAS, in which angiotensinogen, a substrate synthesized in the liver, is converted by the rate-limiting enzyme, renin, to angiotensin I, and then by angiotensin-converting enzyme (ACE) to angiotensin II (ATII); the latter is involved in control of blood pressure and fluid retention [ 5 ] . Moreover, tissue-specific local RASs have been attracting attention because of their potential organ-protecting effects that are independent of blood pressure control [ 5 ] . The importance of tissue-specific RASs in the kidneys [ 6 ] [ 7 ], brain [ 8 ] , heart [ 9 ] , [ 10] , adrenal glands [ 11 ] , and blood vessels [ 12 ] has been reported. Among these organ systems, the nephrons and tubulointerstitium in the kidneys contain all of the essential components for synthesis of ATII. Urinary angiotensinogen (u-AGT) is a specific marker of activation of the intrarenal RAS, reflecting activated intrarenal ATII, which is associated with deterioration of renal function due to chronic renal disease (CKD) [ 13 ] . As a biomarker of activated intrarenal RAS, u-AGT has been examined in patients with Effects of Olmesartan and Azilsartan on Albuminuria and the Intrarenal Renin-Angiotensin System www.wjrr.org hypertension [ 14 ] - [ 16 ] . Recently, it was reported that olmesartan reduces urinary albumin and u-AGT [ 17 ] . We hypothesized that decreased u-AGT contributes to the renal protective actions of ARBs through the inhibition of intrarenal RAS. Thus, in the present study, the effects of azilsartan and olmesartan on systolic blood pressure (SBP), diastolic blood pressure (DBP), central systolic blood pressure (cSBP), UACR, and u-AGT were assessed to evaluate the depressor and renal protective actions (anti-albuminuric and anti-intrarenal RAS effects) of both drugs. II. METHODS A. Study design: This is a pilot study and a subanalysis of the Cardio study, where the effectiveness of azilsartan and olmesartan in controlling blood pressure (BP) and protecting the kidneys was evaluated. Outpatients with hypertension currently receiving therapy were recruited at the Department of Internal Medicine at Clinic Jingumae (Kashihara, Japan) between November 2012 and April 2014.
In the Cardio study, 24 patients with hypertension who were treated with ARBs, except azilsartan and olmesartan, but had uncontrolled BP, were enrolled. Patients with uncontrolled BP were defined according to the Japanese Society of Hypertension Guideline 2009 for the Management of Hypertension. They were prospectively and randomly switched from their current ARB to azilsartan (20 mg/day) or olmesartan (20 mg/day) and were followed for 24 weeks . At baseline and after 24 weeks, SBP, DBP, heart rate (HR), cSBP, Augmentation Index, brachial-ankle pulse wave velocity, left ventricular mass index, left ventricular diastolic function, left ventricular systolic function, urinary albumin, u-AGT, eGFR, plasma ATII, and plasma aldosterone were determined.
We excluded patients with secondary hypertension, acute coronary syndrome, stroke, or malignant neoplasm within the previous 6 months, as well as those with serious renal disease, serious liver disease, pregnancy, or a history of allergy to azilsartan or olmesartan. The protocol of this study (Cardio study: unpublished) was approved by the ethics committee of Kagawa University Hospital and registered under University Hospital Medical Information Network ID UMIN000009847. All subjects provided written informed consent to participate.
B. Evaluation of clinical parameters:
We measured office BP, HR, c-SBP, UACR, u-AGT, plasma ATII, and plasma aldosterone (PAC) at baseline and after 24 weeks. Office BP and HR were determined as the mean of two measurements obtained in an office setting by the cuff method after at least 5 min of rest. cSBP was determined using the HEM-9000AI (Omron Healthcare, Kyoto, Japan), which is known to generate comparable values to those determined by generalized aorta-radial transfer function [18] . We measured u-AGT using a method described by Nishijima et al [19] . C.Statistical analysis: The data were analyzed using JMP 12.2 (SAS Institute, Cary, NC). Paired t-tests were used to compare parametric data, while the Wilcoxon signed-rank test was used to compare nonparametric data before and after treatment. The Student's t-test or Wilcoxon rank-sum test was used for between-group comparisons. Linear regression analysis was performed to examine the correlation of Δu-AGT/creatinine (Cre) with ΔUACR, ΔSBP, and ΔDBP, as well as ΔUACR with ΔeGFR. A P-value of < 0.05 was considered to represent statistical significance.
III. RESULTS Table 1 summarizes the baseline characteristics of the patients. The treatment ARBs prior to switching medications were candesartan (11 cases), telmisartan (10 cases), valsartan (2 cases), and losartan (1 case). All ARBs were used at conventional doses. In addition to ARBs (and including overlap), the other prescribed hypotensive agents were calcium channel blockers (CCBs, 17 cases), diuretics (4 cases), β blockers (1 case), and α blockers (1 case). We did not change these non-ARB medications throughout the study period.
Table1. 
concentration, UACR; urinary albumin to creatinine ratio, u-AGT; urinary angiotensinogen
In the Cardio study, the following parameters were analyzed: brachial SBP (olmesartan: 157 ± 5 to 137 ± 12 mm Hg, P = 0.001 vs azilsartan: 164 ± 5 to 142 ± 18 mm Hg, P = 0.004), cSBP (olmesartan: 159 ± 13 to 139 ± 18 mm Hg, P = 0.0009 vs azilsartan: 176 ± 24 to 154 ± 29 mm Hg, P = 0.011), PAC (olmesartan: 146.6 ± 51.2 to 109.0 ± 43.9 pg/mL, P = www.wjrr.org 0.0007 vs azilsartan: 133.9 ± 41.5 to 92.4 ± 49.5 pg/mL, P = 0.002), UACR (olmesartan: 12.5 [7.4-64 .0] to 9.7 [4. µg/g Cre, P = 0.04). In the above data, SBP, cSBP, and PAC are expressed as means ± S.D., while UACR and u-AGT are expressed as median [interquartile range (IQR)]. The baselines in both treatment groups were similar, except for cSBP. The other measured parameters showed no change from baseline in both groups. However, there were no significant differences between the ARB groups in the above parameters; accordingly, we analyzed the changes in BP, cSBP, UACR, and u-AGT in both groups combined. (Table 2 ). In addition, UACR and u-AGT significantly decreased at 24 weeks compared to baseline values (Table3). (Table 5 ) There was also no significant relationship between the changes in UACR and the changes in eGFR (r = 0.124, P = 0.571). There were no differences in the measured parameters between the groups. Thus, these groups were combined in the present subanalysis to assess the depressor and renal protective effects.
In the present subanalysis, the depressor and renal protective effects were expressed as differences between values before and after switching the ARBs to olmesartan or azilsartan. The antihypertensive effect observed in this subanalysis was comparable to that observed in the CANZONE study [ 1 ] and the MUSCAT-4 study [ 2 ] . Regarding the renal protective effects, urinary albumin and u-AGT both tended to decrease in the olmesartan group, as observed in the study by Mizushige et al [ 17 ] . These authors reported that urinary albumin and u-AGT simultaneously decreased after olmesartan was administered to patients with metabolic syndrome [ 17 ] . The present study, which included few hypertensive patients with metabolic syndrome (olmesartan group: body mass index, 24), showed a similar tendency. As previous studies have compared only the depressor effect between olmesartan and azilsartan treatments [ 1 ] , [ 2 ] , the present study, to our knowledge, is the first to directly compare the renal protective effects of the two drugs. Azilsartan and olmesartan exhibited renal protective effects (based on significant reductions in u-AGT and UACR compared to baseline values) that were independent of their depressor effects. However, no difference was observed in the renal protective effect between the two drug groups. PAC significantly decreased in both drug groups. The patients were followed only for 24 weeks in the present study; therefore, a follow-up period of 1 year will be necessary in future studies investigating whether olmesartan and azilsartan are effective in protecting against aldosterone breakthrough. However, some studies have already reported that olmesartan is unlikely to cause aldosterone breakthrough [ 20 ] , [ 21 ] .
Study limitations:
The present study is a pilot study, and its sample size is small. Furthermore, because the present subanalysis was www.wjrr.org performed on a combined group of patients receiving azilsartan or olmesartan, further studies with a larger sample size are needed to investigate whether differences in renoprotective effects exist between these drugs.
V. CONCLUSION Azilsartan and olmesartan demonstrated a potent depressor activity, relieved albuminuria, and improved u-AGT, a marker of intrarenal RAS. Changes in u-AGT positively correlated with those in UACR, but did not correlate with those in blood pressure. The drugs were shown to not only relieve albuminuria but also markedly improve the intrarenal RAS, particularly in patients with hypertension exhibiting microalbuminuria. The data suggest that azilsartan and olmesartan have potent anti-albuminuric and anti-intrarenal RAS activity as well as potent depressor activity. These clinical findings support the hypothesis, based on prior observations [ 22 ] - [ 25 ] , that attenuation of albuminuria with ATII blockade is associated with reductions in intrarenal RAS activity.
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